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@ Thennal printefB. 

@ A themial printer has a pluralitv of head dements which 
are selectively energised for periods of time corresponding to 
tone levels of image densities. The thennal printer hes a mode 
for recording required printing plate making information data 
such as print positioning marica (8i to 84) and cotour in- 
fonnation data (9i and 92) or the Hks outsMe an effective 
image ares 1 1 0) to fadUtato preparing block copies. 
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THERMAL PRINTERS 

This invention relates to thermal printers, and in particular to such 
printers which are suitable for preparing block copies. 

A typical known thermal printer, for example as disclosed in US 
Patent No. US-A-A a96 955, is shown in Figure 1 of the accompanying 

5 drawings. A thermal ink ribbon 3 overlays recording paper 2 wound around a 
platen i. The thermal ink ribbon 3 and the recording paper 2 are selectively 
heated by a thermal head 4 thereby to transfer ink from the ink ribbon 3 to 
the recording paper 2. In order to print a half-tone image in such a thermal 
printer, as shown in Figure 2 of the accompanying drawings, an image 5, 

10 divided into 1024 x 512 picture elements, is formed by scanning with the 
thermal head 4 having 512 heating elements 6 in the horizontal direction 
indicated by an arrow H. In this case, the thermal head 4 is intermittently 
moved 1024 times in order to complete an image. The heating elements 6 
are selectively energised and heated for periods of time corresponding to 

15 the required image densities of the picture elements. The elements 6 are 
intermittently stopped to print a line extending in the vertical direction 
indicated by an arrow V (which is hereinafter referred to as a V line). It 
should be noted that the head 4 in the printer of Figure 1 is fixed, and that 
the platen 1 is intermittently rotated to perform the required scanning. 

2Q In order to reproduce a full-colour image, four ink ribbon sheets such 

as Y (yellow), M (magenta), C (cyan), and B (black) colour ink ribbon sheets 
are used, and scanning is performed one colour at a time. In some cases, B 
(black) colour printing may be omitted. 

In the field of full-colour printing, when four block copies, for 

25 example Y, M, C and B copies are prepared from a single full-colour image, 
the full-colour image is separated by a colour scanner to obtain four 
monochromatic images whose densities respectively correspond to the levels 
of the Y, M, C and B colour components. These monochromatic images are 
converted into dot pictures to prepare the corresponding block copies. 

30 The above-described method requires an expensive colour scanner, 

and the resulting colour separation is cumbersome and time-consuming. 
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According to the invention there is provided a thermal printer for 
making printing images of a plurality of block copies corresponding to 
respective colour separations of a colour image, the thermal printer 
comprising: 

^ input means for receiving colour video signals corresponding to said 

colour image to be printed; 
thermal head means; 

signal processing means connected to said input means for converting 
said colour video signals into printing colour signals suitable for making 
block copies for said colour image; 

signal generating means for generating printing information data 
relating to printing plate making for said colour image; and 

supplying means operable to supply said printing colour signals to said 
thermal head means together with related said printing plate making 
13 information data. 

A preferred embodiment of the invention, to be described in greater 
detail hereinafteri provides a thermal printer which is capable of easily 
preparing block copies for respective colours by adding a simple printing 
plate making mode to an otherwise known printer, without requiring the use 
20 of an expensive colour scanner. 

In the preferred embodlmenty alignment mark data and colour 
identification mark data (gray scale data or colour bar data) are stored in a 
memory and can be selectively read out during printing. Preferably, the 
alignment marks may be automatically printed outside an effective image 
25 at predetermined positions with high precision. 

The invention will now be described by way of example with, 
reference to the accompanying drawings, throughout which like parts are 
referred to by like references, and in which: 

Figure 1 is a schematic view showing the basic structure of a known 
^0 thermal printer; 

Figure 2 is a schematic view showing an image printing head and an 
image area relating to the thermal printer shown in Figure 1; 

Figure 3 is a block diagram of a thermal printer according to an 
embodiment of the present invention; 
35 Figures 4 and 5 are views showing printing patterns printed with 

alignment marks outside the effective imege area; 
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Figure 6 is a block diagram of the printing control circuit shown in 
Figure 3; and 

Figures 7A and 7B comprise a flow chart for explaining printing under 
the control of the control circuit shown in Figure 6. 

In the embodiment of the invention to be described, Y (yellow), M 
(magenta), C (cyan) and B (black) block copies are prepared by a thermal 
printer. The thermal printer has a printing plate making mode in which Y, 
M, C and B ink ribbon sheets are not used, but instead only a B (black) ink 
ribbon is used. The same ink ribbon is used for each one of the four colours, 
and thus four monochromatic images corresponding to the densities of these 
colours are obtained. The four monochromatic images are converted into 
four dot pictures to prepare four block copies. 

Referring to Figure 4, print positioning marks 8^^ to 8^ and colour 
information data 9^^ and 9^ are also recorded at predetermined positions of 
15 an image area 7. Since the marks 8^ to 8^ and the Information data 3^ and 
92 are recorded outside the effective image area, the four block copies can 
be easily positioned at the time of fuU-coIour image printing, and the colour 
of each block copy can be easily identified.' 

Referring again to Figure a, the total image area 7 includes an 
20 effective image area iG used for recording an actual image. Left, right, 
upper and lower blank portions ii^ to li^ each having a predetermined 
width are formed to define the effective image area iO in the total image 
area 7. The number picture elements along a horizontal H direction of the 
effective image area 10 may be, for example, 784, and the number of 
23 picture elements along a vertical V direction may be, for example, 466. 

The print positioning marks 8^^ to 8^ are recorded as crosses at upper 
and lower predetermined positions of the left and right blank portions 11^^ 
and 11^. The colour information data 9^ and shown as "Y" representing 
yeUow are formed substantially at the centres between the upper and lower 
30 marks. It should be noted that the colour information data 3^ and 3^ 
represent "Y", "M", "C" or "B" according to a given colour to be printed. 
The marks 8^ to 8^ and the information data 9^ and 3^ are formed within 
the area where 466 picture elements are present along the V direction of the 
effective image area lU. Therefore, the marks 8^ to 8^ and the information 
33 data 9^ and ^2 can be recorded by the 466 heating elements 6 (of a thermal 
head similar to the thermal head 4 shown in Figures 1 and 2) used for 
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recording an image of the effective image area. Alternatively, these marks 
may be recorded in the upper and lower blank portions 11^ and as shown 
in Figure 5« In this case, the marks 8^ to 8^ and the information data 9^ and 
9 2 can be recorded by those heating elements 6 on either side of those (the 

3 total number of heating elements 6 along the H direction being 512) used for 
recording an image within the effective image area. Referring to Figure 4, 
the pair of print positioning marks 8^^ and 82 and the pair of print positioning 
marks 8^ and 8^ are respectively recorded in the left and right blank 
portions 11 and ll2f or referring to Figure 3, the pair of print positioning 

10 marks 8^ and 8^ and the pair of print positioning marks 82 and 8^ are 
respectively recorded In the upper and lower blank portions 11-j and 11^. 
Howevefi one print positioning mark may alternatively be recorded in each 
of the left and right blank portions 11^^ and II2 or each of the upper and 
lower blank portions 11^ and 11^. Similarly, only one of the colour 

13 information data 9^ and 92 may be used in the patterns shown in Figure 4 or 
Figure 3. The pattern of the print positioning marks 8^^ to 8^ and the 
symbols of the colour information data 9^ and 92 may be modified by the 
use of other shapes and symbols. 

Figure 3 shows a block diagram of an embodiment of a thermal 

20 printer having a printing plate making mode.' In thise case, an image 
obtained from a video signal is recorded. 

Referring to Figure 3, the gain of a video signal Sv is controlled by a 
white peak automatic gain control (AGO circuit 12, and a one*frame AGC- 
controlled video signal is written into a frame memory 13 in the form of 

23 digital data signals. A signal read out from the memory 13 is converted into 
an analog signaL An analog/digital (A/O) converter (not shown) is connected 
to the input terminal of the memory 13, and a digital/analog (D/A) 
converter (not shown) is connected to the output terminal of the memory 13. 
The video si^ial read out from the memory 13 is converted by a Y, M, C 

30 converter 14 from red, green and blue R, G and B signal components to Y, M 
and C signal components. The converted signal is supplied to a white 
pedestal addition circuit 15. A white pedestal level pulse is added to the 
converted signal during the blanking period. The gain of the signal with the 
pedestal level is controlled by a black peak AGC circuit 16. The AGC- 

33 controlled signal from the black peak AGC circuit 16 is supplied to a colour 
masking circuit 17 and a signal processor 18. A switch 19a is operated to 
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select sequentially the Y, M and C components. In the normal printing 
mode, a switch 19b is set in the position of a contact a. However, in the 
print plate making mode, the switch 19b is set In the position of a contact b. 
In the normal printing mode, undercolour removal of the Y, M and C signal 

5 components is performed in the colour masking circuit 17, and the resultant 
signal components are supplied to a correction circuit 20 through the 
switches i9a and 19b. In the print plate making mode, signal processing (for 
example, density conversion in addition to undercolour removal) for print 
plate making is performed, and the resultant colour components are supplied 

10 to the correction circuit 20 via the signal processor 18 and the switch 19b. 

Any necessary correction such as edge correction is performed in the 
correction circuit 20. The corrected signal is converted into a digital signal 
by an A/D converter 21. The digital signal from the A/D converter 21 is 
applied to a printing control circuit 22. The print positioning marks 8^ to 8^ 

15 and the colour information data 9^ and 3^ are added to the digital signal by 
the control circuit 22. At the same time, the control circuit 22 also 
performs predetermined correction operations. An output from the printing 
control circuit 22 is supplied to a head unit 23 which includes a head driver 
and the thermal head 4. Information U then recorded by the head unit 23 on 

20 recording paper (not shown). 

In the normal printing mode, Y, M and C components in the order of 
Y, M and C are sequentiaUy recorded on single recording paper, to obtain a 
single full-colour image along the V direction. In the print plate making 
mode, only black ink is used, and the paper is scanned in the order of Y, M, 

25 C and B. Recording progresses in the V line direction, thereby obtaining 
four monochromatic images which respectively correspond to Y, M, C and B 
images. 

Figure 6 shows a detailed arrangement of the printing control circuit 
22. In this embodiment, the energisation time of each heating element 6 of 
30 the thermal head 4 is controlled according to the required density of the 
image. For this purpose, a control signal comprises a pulse-width modulated 
(PWM) signal having a pulse width corresponding to the density of each 
picture element- 

Referring to Figure 6, image data from the A/D converter 21 (also 
35 shown in Figure 3) is supplied to a data buffer 24 associated with a central 
processing unit (CPU) 25 in the printing control circuit 22. The CPU 25 is 
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operated in response to a mode change signal, a colour change signal, and 
other timing signals, all of which are applied to a control timing interface 
26. The CPU 25 generates address data signals for a read only memory 
(ROM) 27 and a correction data ROM 28, in response to the image data, the 

5 colour change signal and the like. The ROM 27 stores data representing the 
marks outside the effective image area. The address data signals are 
supplied to the ROMs 27 and 28. The ROM 27 stores marking data for 
displaying the print positioning marks 8^ to 8^ and the colour information 
data 9^ and 3^^ as shown in Figures 4 and 5. The marking data is read out at 
10 predetermined times in response to the address data signals supplied from 
the CPU 25. The readout marking data is sent to the data buffer 24. The 
ROM 28 stores correction data such as gamma correction data. The 
correction data is read out at predetermined times in response to the 
address date signals supplied from the CPU 25. The readout date is sent to 

15 the date buff er 24. 

The data buffer 24 receives the image data, the marking data, and 
the correction date in units of the V lines. The V line date is written from 
the buffer into a one-line random access memory CRAM) 29, in reqionse to 
address date supplied from an address counter 31. 

20 An oscillator 30 generates clock pulses (hereinafter referred to as a 

clock) CK having a predetermined pulse repetition rate or frequency. The 
clock CK is supplied to the CPU 25, the address counter 31, and a frequency 
dividing counter 32. The address counter 31 addresses the date in the RAM 
29 for serially writing and reading out the single line of data stored therein. 

25 A reference tone level generator 33 generates density reference level 

date representing one of several tone levels every time a carry pulse PI is 
sent from the frequency dividing counter 32 thereto. In this embodiment, 
the density is represented by one of 32 tone levels 01 to D32. The 
reference levels Dl to 032 are sequentially generated and supplied to a 

50 comparator 34. If the reference level 01 is generated, 466 date signals of 
the first V line are sequentially read out from the RAM 29 and are 
sequentially compared with the level 01. If the readout date has a level 
higher than the level Ol, the comparator 34 generates a logic "1" (namely a 
high level signal). Otherwise, the comparator 34 generates a logic "0" 

J5 (namely a low level signal). The output from the comparator 34 is stored at 
the corresponding address of a latch 35. When comparison associated with 
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the level Di is completed, the contents stored in the latch 3> are supplied to 
the corresponding heating elements 6 in the thermal head 4 through a head 
driver 36. The heating elements 6 which receive a logic "1" are energised to 
perform printing. During printing associated with the reference level Dl, 

3 the next 466 data signals are sequentially compared with the reference level 
02, and the sequential outputs of the comparator 34 are latched by the latch 
35 and are applied to the thermal head 4 through the head driver 36, thereby 
energising the heating elements 6 which receive a logic "1". Similarly, the 
heating elements 6 are energised when the result of the comparison, 

10 respectively, with the reference levels D2 to 032 represents a logic "1". 
However, when the comparison result represents a logic "0", the 
corresponding heating element 6 is de-energised. In this case, the 
energisation pulse for each of the heating elements 6 comprises a PWM 
pulse having a pulse width corresponding to the density of the picture 

13 element pixel corresponding to that heating element 6. 

When the printing of one V line is completed, the tone level generator 
33 is reset in response to a carry pulse P2 from a counter 37 which receives 
the pulse PI and effects a iy32 frequency-dividing. 

When the first V line has been completely printed, a platen or drum 

20 similar to the platen 1 in Figure 1 is rotated by one pitch of the picture 
element and is then stopped. Data relating to the second V line is converted 
into the PWM signals, and information represented by the PWM signals is 
printed in the same manner as described above. When printing has been 
completed, the drum is rotated by one pitch of the picture elements. The 

25 above operation is then repeated to complete scanning along the H 
direction, thereby printing the entire image. 

The print positioning marks 8 to 8^ and the colour information data 
9^ and 92 are recorded as data representing the marks outside the effective 
image area. However, the data representing the marks outside the effective 

3U image area may include other necessary print plate making data, such as 
gray scale data and colour bar data. The gray scale data and the colour bar 
data may be stored in the ROM 27 and can be selectively read out and 
printed in the blank portions 11^ to 11^. 

Figures 7A and 78 constitute a flow chart for executing printing by 

35 using the recording pattern of Figure 4 in the block-making mode. 

Printing is started in a step (1), and data representing the marks 
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outside the effective image area is checked in a step (2). In particular, the 
CPU 23 checks in the step (2) that the colour information data 9^ and 3^ 
have been properly received. In a step (3), the data representing the marks 
outside the effective image area is set or written into the RAM 29 for 

^ printing the predetermined marks or the like. In a step (4), the data is read 
out from the RAM 29 and is transferred to the head unit 23 to print the 
data. The CPU 25 checks in a step (5) that the predetermined marks have 
been properly printed. The CPU 25 then determines in a step (6) whether 
printing of the predetermined marks has been completed. If not, the flow 

10 returns to the step (2) and printing continues. If printing has been 
completed according to the step (6), the flow advances to a step (7). In the 
step (7), the currently printed marks are checked for location on the printing 
start or end side, namely whether they are in the blank portion 11^ or in 
Figure 4. The CPU 25 determines in a step (8) whether the marks are 

13 printed on the printing start side, namely in the blank portion Wy, If so. In 
other wordSi if the marks B^, 82 and the information data 9j^ are printed in 
the blank portion 11 j^, the flow advances to a step (9) to print the effective 
image 10. 

In the step (9), the video signal Sv is A/D converted.. In a step (10), 
20 correction data is read out from the ROM 28 and added to the digital video 
signal to obtain printing data* The printing data is set or written into the 
RAM 29 in a step (11). In a step (12), the data is read out from the RAM 29 
and is transferred to the head unit 23, thereby printing the image data. 

The CPU 23 checks printing of the video signal in a step (13), and 
23 determines in a step (14} whether printing has been completed. If printing 
has not been completed, the flow returns to the step (9). However, if 
printing has been completed, the flow returns to the step (2). 

In the step (2) and the subsequent steps (3), (4), ...(7), printing of the 
marks 8^, 8^ and the information 9^ is performed in the blank portion ll^* 
3U If in ttie step (8), it is determined that the marks are not on the printing 
start side, the CPU 23 determines that the marks are printed on the printing 
end side (namely in the blank portion 112)* In this case, the flow advances 
to a step (13), and printing is ended. 

Referring to Figures 7A and 7B, in the normal printing mode, the 
33 flow jumps from the step (1) to the step (9), and the operations in the steps 
(9) to (14) are then performed. If printing has been completed according to 
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the step (14), printing is ended. 

When printing is performed according to the recording pattern in 
Figure 3 in the block-making mode, data representing the marks (namely the 
marks ti^ to 8^ and the information data 9^^ and outside the effective 

b image area is dealt with as being equivalent to the image data. In this case, 
the operations in the steps (9) to (14), in other words the operations in the 
normal printing mode, are performed. However, it should be noted that the 
data set into the RAM 29 includes image data and also the data representing 
the marks outside the effective image area. 

j^Q According to the preferred embodiment of the present invention as 

described above, Y, C, M and B block copies can be easily prepared. In 
addition, the print positioning marks 8^^ to 8^, the colour information data 
9j^ and ^2 ^^^^^ automatically printed at 

predetermined positions of the image area with high precision. 
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1. A thermal printer for making printing images of a plurality of block 
copies corresponding to respective colour separations of a colour image, the 
thermal printer comprising: 

input means for receiving colour video signals (Sv) corresponding to 
^ said colour image to be printed; 

thermal head means (23); 

signal processing means C12 to 16) connected to said input means for 
converting said colour video signals Into printing colour signals suitable for 
making block copies for said colour image; 
10 signal generating means (27) for generating printing information data 

relating to printing plate making for said colour image; and 

supplying means (22) operable to supply said printing colour signals to 
said thermal head means (23) together with related said printing plate 
making information data* 

15 

2. A thermal printer according to claim 1, wherein said printing plate 
making information data includes printing colour information data (9j^f 9^ 
and print positioning marks (8^^ to 8^}. 

20 3. A thermal printer according to claim 1 or claim 2, wherein said 
printing plate making information data is supplied to said thermal head 
means (23) at times when said printing colour signals are not being supplied 
thereto* 

25 4* A thermal printer according to claim I9 claim 2 or claim 3» wherein 
said signal processing means comprises means (12 to 16) for deriving colour 
component signals from said video signals corresponding to a yellow (Y)t a 
magenta (M) or a cyan (C) component adjusted for representations of white 
and black levelSy and said supplying means comprises printing control circuit 

30 means (22) operative to supply printing colour signals corresponding to said 
colour component signals to said thermal head means (23). 

3. A thermal printer according to claim 4, wherein said thermal head 
means (23) includes a plurality of individual heating elements (6) and said 
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printing control circuit means (22) comprises data buffer means (24) for 
storing said colour component signals, memory means (29) for storing a 
single line of data corresponding to said printing colour signals, and means 
C3a) for selectively supplying said stored line of data to said heating 
5 elements (6) in accordance with said colour component signals. 

6. A thermal printer according to claim 5, including tone level 
generator means (33) for successively generating a plurality of tone signals 
(Dl to D32) corresponding to variations in density of a printed image, 
10 comparator means (34) connected to said tone level generator means (33) 
and to said memory means (29) for supplying a printing colour signal to each 
of said heating elements (6) which is a pulse-width modulated function of a 
predetermined density of a colour image produced by the heating elements 
(6)- 

15 

?• A thermal printer according to claim 4, claim 5 or claim 6, wherein 
said printing control circuit means (22) includes a central processing unit 
(25) and means (31) under control of said central processing unit (25) for 
reading out of and writing into said memory means (29) in synchronism with 
20 cycles of operation of said thermal printer. 
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